Summary We studied 7,897 women with postmenopausal osteoporosis to assess factors that influence health-related quality of life (HRQoL). An increased number of comorbidities, fear of falling, and previous vertebral fracture were associated with significant reductions in HRQoL. Understanding the factors that affect HRQoL may improve management of these patients. Introduction HRQoL is impaired in women treated for postmenopausal osteoporosis (PMO). -013-2408-4 treatment, or who had been on bone loss treatment for some time. HRQoL measured by health utility scores (EQ-5D™) were available for 7,897 women (94 % of study participants). The relationship between HRQoL and baseline clinical characteristics, medical history and patient demographics was assessed using parsimonious, multivariable, mixed-model analyses.
Introduction
Osteoporotic fractures are a major cause of morbidity among postmenopausal women and are associated with increased mortality [1] . Among patients with postmenopausal osteoporosis (PMO), women who have previously experienced vertebral or nonvertebral fractures have lower health-related quality of life (HRQoL) than those who have not experienced such fractures [2] [3] [4] , and this impairment increases with an increasing number of previous fractures [5, 6] . The societal disease burden of osteoporosis, measured in disability-adjusted life years, is twice as great as that of rheumatoid arthritis and is higher than that of any single cancer, except lung cancer [7] .
However, a history of fracture may not be the only factor affecting the health status of women with PMO [8] [9] [10] . Indeed, a recent Italian multicenter study indicated that comorbidities (the simultaneous presence of one or more health conditions in a patient with a defined index condition), assessed by generic and osteoporosis-specific instruments, may be just as important a contributor to reduced HRQoL as previous fractures [11] . Similarly, the presence of multimorbidity (the simultaneous presence of multiple health conditions in a patient with no defined index condition [12] ) is associated with poorer HRQoL [13, 14] . The number of morbidities that a person has increases with age [15] ; hence, women with PMO are often subject to multiple challenges to HRQoL in addition to those directly resulting from osteoporosis-related events. Furthermore, older women at high risk of hip fracture may be concerned about falling and the potential consequences of a hip fracture [16] . They may, therefore, be concerned about performing their day-to-day activities, which could have a considerable impact on HRQoL [17] .
The impact of comorbidities and fear of falling on health status in women with PMO has not been as widely studied as the effect of fractures. Bianchi et al. reported that pain and depressed mood were associated with lower HRQoL in women with PMO. Their study excluded women with comorbidities likely to affect quality of life (e.g., cancer, renal insufficiency, chronic respiratory disease, uncontrolled hypertension, and diabetes) [8] . We aimed to investigate the relationship between clinical characteristics, comorbidities, medical history, patient demographics, and HRQoL in European and US women with PMO participating in the Prospective Observational Scientific Study Investigating Bone Loss Experience in Europe (POSSIBLE EU®) [18] and Prospective Observational Scientific Study Investigating Bone Loss Experience in the USA (POSSIBLE US™) [19] .
Methods
Source data POSSIBLE EU and POSSIBLE US are longitudinal cohort studies, for which methods and baseline data have previously been published [18, 19] . The similar designs of the studies allowed the data to be combined. Both studies assessed the use of bone loss treatment by postmenopausal women in primary care settings who were initiating or switching bone loss treatment, or who had been on such therapy for some time. Postmenopausal osteoporosis was defined as a need for antiosteoporosis medication in postmenopausal women. Women aged 18 years or older who had been postmenopausal for at least 1 year and who were receiving or about to receive treatment for bone loss were enrolled during a routine clinical visit to their general practitioner at 196 study sites in five European countries (France, Germany, Italy, Spain, and the UK) and 134 sites in the USA. The following exclusion criteria were used: current or recent participation in other research studies, receiving experimental treatments, and presence of medical conditions that could impact on ability to participate in the study. Women receiving bone loss treatment other than hormone replacement therapy were assigned to one of three subgroups: inception (newly starting treatment), established (receiving bone loss treatment), and switch (receiving bone loss treatment but switched at enrollment).
Physicians and sites were chosen for their willingness or ability to take part in the study and as being representative of their country with respect to a range of characteristics, including broad geographical region, urban/rural distribution, gender, and size of practice. Patients were invited to participate in the study during routine clinical visits to their GPs.
Data were collected on patient demographics and clinical characteristics, comorbidities, HRQoL (patientreported outcome), and treatment. Comorbidities were assessed using a list of 28 prespecified conditions. HRQoL was measured using the EuroQol 5 Dimensions (EQ-5D™) 1 instrument [20] and the Osteoporosis Assessment Questionnaire-Short Version (OPAQ-SV), an osteoporosis-specific instrument for quantifying health status [21] . EQ-5D health states were converted into health utility scores ranging from −0.594 to 1.0 (where 1.0 is full health and 0 is dead; negative scores are considered by the general population as being 'worse than death') using a set of weighted preferences produced from the UK and US general population samples by the time trade-off technique [22] . Data presented use weighted preferences from the UK general population samples.
Fear of falling was obtained from the OPAQ-SV. The 34-item OPAQ-SV has three dimensions (physical function, emotional status, and back pain) [21] . A high score indicates better health status than a low score. Fear of falling, one of three domains from the emotional status dimension, is assessed from the answers to five questions scored between 0 and 100, with a low score representing a high perceived fear of falling (see "Appendix") [21] .
Statistical analyses
Women who were recruited to the two studies and who completed the EQ-5D instrument at baseline were included in the analyses. The characteristics of included participants were described by the median and interquartile range for continuous measures and frequency for categorical measures. Analyses were performed using the SAS statistical software (version 9.2, SAS Institute, Cary, NC, USA) and the GNU R statistical package (R Development Core Team, http://www.r-project.org).
Model specification and validity
A limited number of clinically relevant patient characteristics that might explain observed differences in HRQoL among individuals were specified for inclusion as independent variables. These variables were selected a priori based on clinical knowledge and were limited to reduce the potential for overfitting (model optimism). They included age, body mass index (BMI), history of fractures, comorbidities, bone loss treatments (number and duration since initiation), and number of concomitant medications at enrollment ( Table 1 ). The fear of falling OPAQ-SV domain was included as a candidate variable in an attempt to capture aspects of the patients' perspectives of osteoporosis risk. Assigned cohort was also included as a covariate in the model. No interactions were included in the model.
Multivariable models were developed initially on the POS-SIBLE EU data set and then applied separately to the US data set and the combined EU and US data set when the US data became available. The model fit was good in all three data sets. Data presented are based on the combined data set.
Generalized mixed models were developed in which the health utility score for each patient was the response variable, and candidate variables were included using a stepwise backward selection process, for which the criterion for retention in the model was α=0.05, using the general approach described by Harrell et al. [23] . The model included cohort as a fixed effect and investigator sites as random effects. The functional form of continuous candidate variables that were statistically associated in univariate models was examined through log transformation and, if that demonstrated a significantly better fit, a restricted cubic spline. More complex functional forms were included in the final model only when they provided a statistically significantly improved model fit in order to minimize the risk of model optimism. Model fit was assessed using the Akaike information criterion, a penalized measure of residual likelihood [24] . To assess the degree of model optimism, and thus the risk of poor external validity, we used the internal bootstrap model validation process described by Harrell et al. [23] , taking a value of less than 5 % to indicate a model with acceptable fit. Additionally, we described the degree of residual covariance explained by the final model fit.
The extent of missing data for the included participants was described. The final statistical model was rerun using multiple imputation techniques to account for missing data. The model was developed according to a prespecified statistical analysis plan.
Owing to the importance of the fear of falling score and because this score is likely to be influenced by other patient characteristics, such as fracture history and comorbidities, we conducted further exploratory analyses to examine the extent to which our selected patient characteristic scores were associated with fear of falling and developed a parsimonious model using the same methods as in the analyses of health utility scores.
Supportive analyses
We conducted supportive analyses to examine the extent to which model fit was sensitive to the choice of utility weights, replacing the EQ-5D score based on the UK weights with that derived from the US data [22, 25] . We assessed the relationship between health utility estimates based on the US and UK weights, and forced the final model derived from the UK-weighted utility estimate onto the US-weighted utility estimate and described model fit. Finally, we fitted the model directly onto the combined EU and US database. We conducted a further supportive analysis to examine the effect of country.
Results
Of 3,402 women providing data in POSSIBLE EU, HRQoL data were available for 3,011 (89 %). Diagnosis of PMO was obtained from dual energy X-ray absorptiometry (DEXA) (55 % of patients, of whom 31 % were osteopenic and 68 % osteoporotic), X-ray (25 %), and clinical history (11 %). POSSIBLE US HRQoL data were available for 4,886 women of 5,015 recruited (97.4 %), of whom 50 % were osteopenic and 44 % osteoporotic. There were no differences in fracture history and patient demographics among individuals with HRQoL data and those without. The characteristics of these 7,897 women are described in Table 1 . There was considerable variability in HRQoL, with a median health utility score of 0.80 (mean 0.75) and an interquartile range of 0.69-1.00. Some patient responses resulted in negative scores.
Model specification and validity
The effects of each candidate explanatory variable on health utility scores in univariate models are shown in Table 2 . Several candidate variables proved to be highly statistically significantly associated with utility outcome in the univariate setting. Models fitted for the candidate variables 'age' and 'number of previous fractures' were substantially better when the variables were log transformed, but because no further advantage was gained through fitting restricted cubic splines to these variables, the log-transformed variables were included in the model. The final reduced multivariable model (Table 3) included assigned cohorts, investigator sites, and the following variables: age (log-transformed), BMI, any previous vertebral fracture, number of ongoing comorbidities, and fear of falling score. The following baseline comorbidities were also included: heart valve problems, hypertension, hyperlipidemia, congestive heart failure, asthma, chronic obstructive pulmonary disease, diabetes, lower gastrointestinal tract disorders, hyperparathyroidism, hyperthyroidism, depression, vision disorders, and cancer. The final model explained 45.1 % of the residual variance. On its own, the fear of falling score accounted for 35.7 % of the residual variance. From the bootstrap internal validation process, the final model optimism was estimated to be 0.6 %, indicating an acceptable degree of model fit.
For women with available health utility data, there were few missing data for the candidate explanatory variables. BMI data were missing for 1.4 % of women, fear of falling score for 0.5 %, and total number of fractures for 0.1 %. Reanalysis using multiple imputation according to our statistical analysis plan provided almost identical results to the model based on women with complete data.
To explore the implications of the model, we ran several simulations to provide estimated health utility scores (Table 4) . For example, for a patient in the inception subgroup with median values for continuous variables (age of 64 years, BMI of 26.1 kg/m 2 , and fear of falling score of 65), no previous fractures, and no ongoing comorbidities, predicted mean health utility would be 0.78. The predicted health utility would be reduced by 0.08 in a woman who has experienced a vertebral fracture. If there was also a decrease in (i.e., worsening of) the fear of falling score to the 25th percentile value (score of 45), the predicted health utility would be further reduced by 0.10. Retaining these changes and adding six comorbidities, including depression, hypertension, and diabetes, would further reduce predicted health utility by 0.26. For a patient in the switch cohort, all these values would be 0.034 higher, and for a patient in the established cohort, they would be 0.044 higher.
The results of the exploratory analyses of our selected patient characteristic scores indicated that age (log transformed), BMI, number of previous fractures (log transformed), and a history of hip or vertebral fracture were all strongly associated with fear of falling ( Table 5 ).
Supportive analyses
Applying the US weights to the EQ-5D responses provided a new estimate of health utility for each patient. The mean US weighted health utility score was 0.81 and the median was 0.83. The minimum value was −0.11, the 25th percentile was 0.78, and both the 75th percentile and maximum value were 1.0. As expected, there was a very strong relationship between the UK and US health utility estimates. On average, the US health utility estimate was 4.1 % higher than the UK health utility estimate (95 % CI 3.8 %, 4.4 %; p<0.0001).
Applying the model derived from the UK health utility estimate to the US health utility estimates led to a similar overall model fit, and all model parameters remained statistically significant. The model forced onto the US health utility weights explained 46 % of the residual variance, and the fear of falling score on its own accounted for 36 % of the residual variance. Fitting the model onto the combined UK and US weights databases resulted in a model with virtually unchanged parameters. When country was added to the final model, the country parameter estimates were highly statistically significant (p<0.0001 across country stratum), but the main model parameter estimates and the degree of residual variance explained were essentially unchanged, indicating that there were systematic differences among patients in different countries that may reflect disease severity. European women, on average, had lower health utility than their US counterparts. Compared with US values, the mean health utility score was 10.6 % lower in Italy (95 % CI 8.1 %, 13.1 %), 6.7 % lower in France (95 % CI 4.3 %. 9.0 %), 6.3 % lower in Germany (95 % CI 4.1 %, 8.6 %), 4.1 % lower in the UK (95 % CI 1.8 %, 6.3 %), and 3.8 % lower in Spain (95 % CI 1.3 %, 6.4 %).
Discussion
This analysis of the HRQoL of women included in this large observational study demonstrated that patients with PMO have, on average, slightly lower health utility than the population norms (see Table 6 ) [25, 26] ; this is particularly true of the initiation cohort. While there is a risk of more severe subjects being more prepared to join the study, this is, to some degree, mitigated by the design (noninterventional and based on chart review and patient-reported outcomes); even the population-based studies from which the norms are taken require subjects to consent and, thus, the norms may also be subject to the problem of nonresponse bias. Our findings confirm the results of previous research showing that patients with osteoporosis have lower HRQoL, the magnitude of the reduction varying according to fracture number and type [27] . Furthermore, our model is the first to explore how a range of clinical characteristics may contribute to this reduced HRQoL using a cross-sectional analysis of multinational individual patient data and societal valuations of health utility.
The model identified characteristics that may explain the heterogeneity of health utility scores in this sample, including some related to osteoporosis, such as fractures and fear of falling, and others related to comorbidities. The inclusion of the total number of comorbidities per patient in the model, as well as each individual's specific comorbidities (e.g., angina and depression), was prespecified in the analysis plan. The interplay of these variables made interpretation complex; most comorbidities appeared to be associated with improved quality of life unless the contribution of total comorbidity number was taken into account, so it was necessary to have information on multiple morbidities before the role of a specific condition could be assessed. For example, although it may seem paradoxical that a patient with cancer has a higher health utility than someone with the same number of comorbidities but without cancer, the explanation is due to the association between comorbidities. Thus, in the 375 individuals with cancer in this analysis, the median number of comorbidities was 3 and the maximum was 23. Comorbidities affected the model in two different respects: by their number (decreasing the score) and individually (each comorbidity slightly increasing the score, buffering the effect of comorbidity number). The person with 10 comorbidities would have a predicted health utility reduced by 10×0.047 but would have it increased again if they have any of the comorbidities identified in the model apart from depression. This means that comorbidities affect HRQoL differently because the number of comorbidities overestimates the decrease in HRQoL, whereas some individual comorbidities had less effect on the decrease than others. The only comorbidity that was individually associated with a reduction in health utility was depression, which was associated with a loss of 0.41 points on the average health utility scale, in addition to the reduction of 0.047 points associated with each comorbidity included. This demonstrates the major impact that depression can have on health utility compared with other comorbidities. Depression may be more common in patients with PMO than in those without the condition [28] . These findings also underline the importance of accounting for comorbidities by nature rather than simply by number (sum). Fear of falling was strongly associated with a decreased HRQoL in our model and could indicate a sense of infirmity in women. The size of the apparent effect of fear of falling was associated with the scaling of the domain because the model provided a parameter estimate associated with a change of a single point. Our finding is in accordance with a previous study in older women, in which fear of falling (a health state generated from qualitative research and clinical opinion, rather than using the OPAQ-SV) was associated with a health utility of 0.67, derived using the time tradeoff technique [16] . Fear of falling is specific to a limited number of conditions including osteoporosis. While generic instruments are not designed to capture it, a disease-targeted questionnaire is more appropriate to understand the consequences of osteoporosis. In a supplementary analysis, we showed that variables associated with fear of falling included objective data such as the number and type of fractures as well as factors that increased the risk of falls such as advancing age and low BMI. Effective interventions to address fear of falling have not yet been demonstrated but could provide an additional tool to increase HRQoL in women with PMO.
In our model, previous vertebral fracture had a strong impact on HRQoL, being associated with an 8 % decrease in health utility. However, the number of previous fractures did not explain additional interpatient variability in the final model. Owing to the fact that 165 of the 538 (30.7 %) women who experienced a vertebral fracture also experienced at least one other fracture, it seems that the impact of vertebral fracture on HRQoL may, in part, reflect the number of previous fractures. In a review of health utility scores in patients with osteoporosis, Peasgood et al. showed that individuals who had previously experienced fractures (vertebral, hip, and wrist fractures) had health utility scores broadly consistent with those from the present study, whereas the health utility scores for patients without fractures appeared to be somewhat better [29] . It is possible that population characteristics are driving the low scores in the population who have not experienced a fracture, as shown by some of the modeling exercises in this study.
In the final model, health utility scores increased with age (log transformed)-younger patients in our analysis experienced a lower HRQoL than older patients, possibly because younger individuals have higher expectations. The nature of the log transformation indicated that the greatest effect of age on HRQoL was in the youngest age group. The nonlinear impact of age on HRQoL, however, was relatively small compared with the effect of comorbidity, fear of falling, and fractures, with an increase of less than 3 % in health utility score for patients aged 73 (75th percentile inception subgroup) relative to those aged 56 years (25th percentile). BMI was also associated with a significant but relatively small change in HRQoL.
The statistical results of our model are illustrated in the simulations that we performed to show the cumulative result of combining key explanatory variables in one patient: for a woman in the inception subgroup, an increased fear of falling, a previous vertebral fracture, and the presence of six comorbidities was associated with a reduction in mean health utility of 0.44, from 0.78 to 0.34. Women in the switch and established subgroups had a higher median health utility score (0.80 for both) than those in the inception subgroup (0.73), which is a substantial difference. Therefore, further interpretation of the role of other factors on health utility in women in POSSIBLE EU and POSSIBLE US should take account of the women's cohort by using the corresponding health utility estimate. The large impact of the assigned cohorts on HRQoL could be due to differences in disease duration and severity among the cohorts. We can also speculate that as women in the inception cohort are more likely to be newcomers to osteoporosis, they perceive it as threatening, while switch and established subgroups may be more familiar with their, mostly silent on average, condition. In addition, it is possible that women in the inception cohort have experienced a fracture more recently than those in other cohorts. Finally, the stability of the model, no matter which country set health utility weights were used (including those from the USA), shows that our findings have good generalizability. Our study had some limitations. First, although the analysis was based on data from two large observational cohorts in the USA and Europe and despite controlling for the effect of country in the statistical modeling, the findings cannot be fully extrapolated to all of Europe and the USA. This is because characteristics of healthcare systems or societies in countries not represented in the source studies may influence HRQoL; such characteristics could include the management of PMO, such as treatment delivery, and indices of social deprivation. Second, the statistical model includes a large number of variables, which increases the risk that identification of a contributing factor as significant might have been due only to chance. To limit this risk, the modeling was controlled for multiple testing (model optimism) by limiting the number of variables included and assessing the degree of model optimism; however, the model did not include interaction factors. Third, the EQ-5D has limitations, including a significant ceiling effect even in this elderly population [30] . Finally, this analysis was conducted on baseline data from POSSIBLE EU and POSSIBLE US, and modeling of crosssectional data does not allow one to infer that the contributory factors we have identified have an impact. This will need further investigation using follow-up data. The crosssectional approach provides clinicians with an indication of which factors may influence current health state and disease burden. Our findings raise the question of whether these determinants also predict future changes in HRQoL. Longitudinal data analysis will show whether the model is valid for predicting future health states and could indicate whether interventions to ameliorate fear of falling are as good as drug interventions. If findings are confirmed, they can be used to advise women and improve their perception of the necessity to take treatment.
In conclusion, this analysis of HRQoL based on a large observational study including multinational data from women with various PMO treatment histories in Europe and the USA at different stages of therapy shows a low health utility associated with the condition compared with the general population, with wide variability across the sample. This highlights the need to encourage stakeholders to pay attention to the impact of the disease and the importance of prevention. Through the use of a robust statistical model, we have shown that several factors, notably the patient's fear of falling, history of fracture, and comorbidity burden, play a role in HRQoL in women with PMO.
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Appendix
Items in the OPAQ-SV fear of falling domain [21] . Questions 20. How often were you afraid that you would fall? 21. How often were you afraid that you would accidentally break or fracture a bone? 22. How often did you feel that you were losing balance? Answer options Always, very often, sometimes, almost never, and never.
